By employing in gel competitive reassociation, which distinguishes two DNA preparations, to clone anonymous DNA fragments with altered primary structure, we isolated a clone (BL-1) from a rat DNA which gave an extra, apparently altered, DNA band in a specific tissue (brain) when we used it aS a probe for Southern hybridization.
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The sequence of BL-1 was very similar to a portion of LINE, a highly repetitive sequence. Southern hybridization analysis with oligonucleotide probes representing a portion of the BL-1 sequence confirmed the presence of the brain-specific band. Another, different band specific to HindIII digests of heart DNA was also detected with the same oligonuleotide probes. Furthermore, we found that poly (A) +RNA hybridized with BL-1 was enriched in brain. These results suggest that there are tissue specific alteration of genomic DNA in rats which may be associated with transcriptional activation specific to the sequence. Alternative explanations of the results are also discussed.
Recently we have developed a procedure to clone anonymous DNA sequences which are ampllified or rearranged in one of two DNA preparations from the same species (H. Yokota and M. Oishi, manuscript submitted). The procedure is based upon in gel competitive reassociation between the target (from which clones are to be isolated) and reference DNA fragments (competitor DNA). As the first application of the method, we examined whether the primary structure of DNA from various tissues of the same mammal is identical or not, although it has long been assumed that the structure is identical except for the DNA rearrangement observed in immunoglobulin genes in lymphocytes (12) . On the other hand, there are examples in non-mammales in which specific DNA sequences are amplified at certain developmental stages. For example, during oogenesis chorion genes in Drosophila (11) and ribosomal genes in amphibians (2) are amplified many fold.
In this paper, we report that a clone (BL-1) obtained from a genomic DNA library which was generated by in gel competitive reassociation from a rat brain gave an apparently amplified, extra DNA band specific to EcoRI digested brain DNA when used as a probe for Southern hybridization. Sequencing of BL-1 indicated it to be a member of the LINE family, one of the highly repetitive DNA ** To whom all correspondence should be addressed .
sequences in mammals. The experiments using oligonucleotide probes representing BL-1 confirmed the presence of the extra band and further revealed a similar but different band specific to heart DNA. We also found that a discrete species of poly (A) +RNA hybridized with BL-1 is concentrated in brain. These results suggest that there are tissue specific changes, probably amplification or modifications, in DNA primary structure which may be associated with transcriptional activation specific to mammalian developmental processes. The biological significance and possible alternative explanations of the results are discussed. week-old female) were electrophoresed and subjected to Southen hybridization using 32P-labeled BL-1 as a probe, we found that an extra band of approximately 0.6 kb appeared only with brain DNA in addition to the bands commonly present in the three DNAs (Fig. 1) . From the pattern and intensities of the bands, it was quite clear that clone BL-1 represented a repetitive DNA. Using BL-1 as a probe, we further examined EcoRI-degested brain DNA from a rat of the opposite sex (male) along with DNA from other major tissues (liver, heart, thymus, kidney, lung, spleen, and intestine) and germ cells (sperm). Whereas brain DNA from the male rat gave the 0.6-kb band, none of the DNAs from the other tissues or from sperm yielded the band (data not shown). the presece of the 0.6-kb band unique to brain DNA was also seen with DNAs from SD and Donryu rats (data not shown). These results suggest that the primary structure of a class of repetitive DNA is changed or modified in the brain, regardless of the strain or sex of rat.
MATERIALS AND METHODS

Materials
Sequencing of BL-1 indicated it to be a part of LINE, a highly repetitive mammalian sequence. The sequence homology of BL-1 with the published sequence of LINE (LINE 3) (5) was approximately 97%. The sequence and major restriction sites (EcoRI, HindIII, and BglII) of BL-1, which consists of 621 bp, are shown in Fig. 2 . The sequence corresponds to a portion of the distal putative open reading frame (ORF) of LINE, with a possible reverse transcriptase function (7, 9), covering from 5,141 by to 5,757 by of the published LINE 3 sequence (5).
In order to confirm the results (shown in Fig. 1 ) and to minimize the background characteristic of repetitive DNA in the Southern hybridization, we synthesized 20-bp oligonucleotides representing portions of BL-1 and used them as hybridization probes in place of BL-1. The sequences of the oligonucleotides synthesized and their positions in BL-1 are also shown in Fig. 2 .
In Fig. 3A , we show the results of the experiments in which EcoRI-digested DNA from brain, liver, and heart were hybridized with one of the oligonucleotides (oligo-1, 5'-CCTGTACAAAGCTTAAGTCC-3'), which covers one of the HindIII sites of BL-1 (see Fig. 2 ). As seen in the figure, essentially the same but clearer patterns than those obtained with BL-1 probe emerged. A tentative estimation (using standard DNA) of the copy number corresponding to the 0.6-kb band seemed to be in the range of 100 -200 copies per genome (see right panel in Fig. 3A) , indicating that the band comprises amplified BL-1 or related sequences. We also examined EcoRlBglIII double-digested DNA for the oligonucleotide hybridization. As seen in Fig.  3B , a band unique to brain DNA, a 0.5-kb and instead of the 0.6-kb band was observed, confirming the presence of a brain-specific band with an EcoRI cutting site. While examining brain, liver, and heart DNA digested with various restriction enzymes using the oligonucleotide or BL-1 probes, we found that heart DNA also yielded a distinct band upon HindIII digestion. An example is shown in Fig. 4A , in which HindIII-BglII double-digested DNA was hybridized with the oligodeoxynucleotide probe (oligo-1) after electrophoresis. It is quite clear that an extra band at 0.7 kb, in addition to a 0.4-kb band common to all tissue DNAs, was present in heart DNA. Essentially the same pattern was obtained when BL-1 was used as a probe (data not shown). Among the several tissue DNAs examined, heart DNA was the only one which gave the extra band (data not shown). Hybridization of the same filter with another probe (oligo-2, 5"-GAATTCTTTGTTTAGCTCTG-3'), which represents the 3' end of BL-1 in the complementary strand (see Fig. 2 ) and is common to BL-1 and LINE, gave a single band (Fig. 4B) sites (see Fig. 2 ). It thus appears that heart DNA contains a specific sequence belonging to the LINE family which has a HindIII-resistant DNA sequence and is different from that (BL-1) specific to brain DNA. The details of the analysis of the heartspecific DNA fragment will be reported eleswhere.
In order to obtain a clue to the possible biological significance of the emergence of the BL-1 sequence in brain DNA, we examined whether RNA transcripts which hybridize with BL-1 were enriched in brain. Poly (A) +RNA from brain, liver, and heart of the same rat were subjected to gel electrophoresis and to Northern hybridization using 32P-labeled BL-1 as a probe. As seen in Fig. 5 , only the RNA from brain gave a strong hybridized band. Its molecular size was 7 to 8 kb, which roughly coincided with the expected full length LINE DNA transcripts. In more extensive experiments with poly (A) +RNA from various tissues (brain, liver, heart, thymus, kidney, lung, testis, spleen, and ovary) as well as those from different species of rats, we found that poly (A) +RNA from brain always gave the strongest signal similar to the one shown in Fig. 5 (data noat shown). From these preliminary results, of course, the cause-effect relationship between the apparently amplified BL-1 sequence and the accumulation of the BL-1 specific transcripts in brain is not clear. The transcript could be an RNA intermediate for the amplified DNA or a transcriptional product of the amplified sequence. It is, however, interesting that a discrete species of poly (A) +RNA which hybridized with a LINE sequence (BL-1) was enriched in a specific rat tissue (brain), the results coinciding with the presence of the tissue specific amplified DNA sequence.
DISCUSSION
The hybridization experiments described above suggested that there are tissue (brain and heart) specific changes in DNA primary structure, probably DNA amplifications, among groups of LINE repetitive sequences in rats. The results, however, must be carefully interpred because other explanations also seem to be possible. For example, it could be argued that portions of the LINE DNA family in these tissues have been modified rather than amplified, probably through methylation (or demethylation), so as to become resistant (or susceptible) to certain restriction enzymes, and thus generated DNA bands which migrated differently in gel electrophoresis. Although the presence of the distinct extra bands in brain and heart DNA and the lack of the CG sequence (the target DNA sequence for DNA methylation in mammalian genomes) in the DNA sequences recognized by the restriction enzymes employed (EcoRI and HindIII) seemed to exclude this possibility, we investigated whether the 0.6-kb band specific to brain DNA was still present in the genomic DNA library from brain. Preliminary experiments with DNA from A genomic libraries from brain as well as liver DNA indicated that the 0.6-kb band is present only with brain DNA. Furthermore, titration of copy number of BL-1 in genomic DNA by polymerase chain reaction (PCR) employing oligonucleotide primers representing BL-1 stongly suggested that BL-1 is amplified only in brain (H. Yokota, T. Iwasaki, M. Takahashi and M. Oishi, in press). These suggest that the EcoRI susceptible site in brain DNA was not derived from a brain-specific modification (demethylation) of the EcoRI recognition sequence.
Based upon these results, we tentatively concluded that DNA amplification of a portion of the LINE sequence is the most reasonable explanation of the emergence of the BL-1 sequence with 100 to 200 copy numbers in brain, although other likely possibilities, which include resistance of BL-1 DNA to phenol extraction in most of the tissues except brain and presence of unusual hybridization-resistant DNA structure, could not be completely excluded.
The mechanism of the emergence of the tissue-specific amplified LINE sequence, if indeed it does emerge, is only speculative. The most likely mechanism, however, seems to be that the amplified sequences are the translocated products of the transcripts of the original BL-1 sequence, involving a reverse transcriptase reaction. Alternatively, the amplified sequence could be derived through a simple tandem amplification of a master DNA sequence or a result of site-specific rearrangement of a portion (100 to 200 copies) of the LINE sequences, which exist in over 104 copies per genome. a clue to the question will be obtained after elucidating the overall picture of the structure in the vicinity of the BL-1 sequence in the chromosome(s) of the specific rat tissue (brain). Chraracterization of a single species of repetitive DNA among the overwhelming number of similar sequences present in the genome, however, is quite difficult, though not impossible, by the currently available techniques. In any event, the present observations suggest that the least some of the repetitive sequences are susceptible to amplification (rearrangement) or DNA modification (a less likely possibility) in a tissue specific manner.
